Composite flour comprising cocoyam (Colocassia esculenta), bambara groundnut and cassava starch was produced. The proximate and minerals compositions and functional properties were optimized using optimal mixture design of response surface methodology. The antinutritional, pasting and farinograph analyses of the optimum blends were evaluated. Bambara groundnut improved protein, fibre, ash and minerals contents; cassava starch improved swelling capacity, least gelation and pasting characteristics. The optimum blends CBC1 (70% cocoyam flour, 18.33% bambara groundnut flour, 11.67% cassava starch) and CBC2 (69.17% cocoyam flour, 16.67% bambara groundnut flour, 14.17% cassava starch). were comparable to wheat-based flour samples (60% wheat, 30% cocoyam, 10% bambara groundnut flours) and (72% wheat, 19% cocoyam, 9% bambara groundnut flours) in terms of pasting and farinograph analyses.
INTRODUCTION
Efforts of researchers are being centered on gluten-free composite flours made from cereal, tubers and legumes as possible replacement to 100% wheat flour (Awolu et FAO (2006) show that cocoyam, if fully exploited would enhance the food security of people living in the tropics. Bambara groundnut (Vigna subterranea) is a pulse cultivated over much of semi-arid Africa (Linnenann and Azam-Ali, 1993). The protein of bambara groundnut is of good quality and has surplus lysine which complements cereals in the diet (Ocran et al., 1998) . It is high in protein but unlike ordinary groundnuts contains very little oil (Tweneboah, 2000) . Hydrocolloids are being added to composite flours in order to create a polymer network with similar functionality to that of the wheat gluten protein (Awolu et al., 2016a ; Noorfarahzila et al., 2014; Saha and Bhattacharya, 2010) . Cassava starch, being a hydrocolloid, is expected to influence dough characteristics of composite flours. Gluten-free composite flour is produced from cocoyam and bambara groundnut flour in this work. Cassava starch is added in order to improve its viscoelastic properties. The rheological characteristics of the cocoyam-based composite flour will be compared with wheat-based composite flour samples (60% wheat, 30% cocoyam and 10% bambara groundnut flours and 70% wheat, 19% cocoyam and 9% bambara groundnut flours).
MATERIALS AND METHODS

Materials
Cocoyam tubers, bambara groundnuts and wheat flour were sourced from Oja-Oba in Akure. Cocoyam starch was obtained from Matna foods, Akure. Xanthan gum was obtained from Lagos.
Experimental design
The experimental design was carried out using optimal mixture design of response surface methodology (Design Expert 8.0.3.1 trial version). The variables were cocoyam flour (A) (65 -70%), bambara groundnut flour (B) (15 -20%) and cassava starch (C) (10 -15%). The reponses were proximate (protein, carbohydrate, ash, crude fiber, fat and moisture) and minerals (calcium, potassium, magnesium, zinc and iron) compositions. Sixteen experimental runs were generated.
Preparation of cocoyam flour
The method of Ukonze and Olaitan (2010) was adopted for cocoyam flour production. Cocoyam tubers (700 g) were washed in water five times until all debris was removed. The tubers were manually peeled and sliced (3-4 cm), in order to increase the surface area for quick and complete drying in sulphated water. The sliced cocoyam were blanched for 10 min, drained and oven dried at 65 o C for 10 h, milled using hammer mill, cooled, sieved and stored at room temperature for further processing.
Bambara groundnut flour preparation
Exactly 250 g bambara groundnut seeds were well cleaned by sorting, washing; soaked in boiled water for 30 min, manually dehulled, oven-dried at 65 o C and dry-milled to fine powder. The flour was later stored in a cool, dry air at room temperature (Olapade and Adetuyi, 2007) .
Determination of proximate composition of samples
The proximate compositions (moisture, ash, fat, crude fibre, protein) were determined the method of AOAC (2005) while carbohydrate content was determined by difference (Egounlety and Awoh, 1990) .
Determination of functional properties
The methods of Onwuka (2005) were used for the determination of water and oil absorption capacities, bulk density, swelling index, least gelation capacity, foaming capacity and foaming stability.
Minerals analyses
Calcium, Magnesium, Zinc, and Iron were analysed using Atomic Absorption Spectrophotometer (AAS) while Potassium was analysed using flame photometry method (AOAC, 2005) .
Statistical analyses
The statistical analysis was carried out using response surface methodology,; multiple regressions and ANOVA were employed for correlations between variables and responses and model fittings respectively. The pasting characteristics, farinograph testing and antinutritional properties of the optimal blends were compared with those of wheat-based flour samples CBW1 (60% wheat, 30% cocoyam and 10% bambara groundnut flours) and CBW2 (70% wheat, 19% cocoyam and 9% Bambara groundnut flours) obtained from previous study.
Pasting properties
The pasting characteristics of the composite flours were evaluated using rapid visco-analyser (RVA, model 3D; Newport Scientific, Sydney, Australia) monitored with RVA control software.
Farinograph analysis
Farinograph testing was carried out using Brabender-Farinograph. Exacly 300 g (14% moisture content) was placed into the mixing bowl, water added optimized cocoyam-based composite flour comprising cassava starch until dough was formed and readings taken. The curve was centered on the 500-Brabender unit (BU) line ± 20 BU by adding the appropriate amount of water until the curve leaves the 500-BU line.
Antinutritional analyses
Tannin determination was by method of Makkar and Goodchild (1996) ; phytate by method of Wheeler and Ferrel (1971) , while trypsin inhibition was by method of Kakade et al. (1969) , as modified by Smith et al. (1980) . 
RESULTS AND DISCUSSIONS
Proximate composition
The crude fiber of the sample ranged from 1.18-3.71 g/100 g. The upper limit 
Fat content was between 1.32-1.71 g/100g. Since one of the major concern in the development of gluten-free foods is the excessive fat content (Thompson, 2000) , the values obtained in this study falls within acceptable limits for flours. The model (quadratic) and model term (Linear mixture) were optimized cocoyam-based composite flour comprising cassava starch significant (p≤0.05). The R-squared and adjusted R-squared values were 0.8670 and 0.7168 respectively. These attest to the fact that the raw materials are not good sources of fat, hence, the composite flour will serve as a good source of gluten-free flour with moderate fat contents. The 3D plot showing the interactions between the variables and fat is shown in Figure 1e while the final equation is given in Eq. (4). 
Functional properties of composite flour The foaming capacity ranged from 5.1 to 13.75%. Foaming capacity (FC) increased with increasing protein content. High foaming capacity enhances flour functionality for cakes production (Lee et al., 1993) and whipping topings where whipping is an important property (Kinsella, 1976 
Optimum blends
The optimum blend selected based on the proximate composition, minerals properties and functional properties of the samples are samples CBC1 (70% cocoyam, 18.333% bambara groundnut and 11.667% cassava starch flours) optimized cocoyam-based composite flour comprising cassava starch 
Antinutritional contents of the optimised flour blends
The results of the antinutritional contents of the optimised composite flour and wheat-based samples are presented in Table 1 . 
Pasting property forselected optimised flour blends
The results of the pasting properties of optimised flour blends are presented in Table 2 . Sample CBW1 had the highest peak viscosity followed by CBW2. The high cocoyam flour content in sample CWC1 must have accounted for the high value of the peak viscosity which was higher than in sample CBW2 (72% wheat flour but 19% cocoyam flour). Sample CBC2 had a peak viscosity next to that of sample CBW2. Though sample CBC1 and CBC2 had almost the same cocoyam flour content, the amount of cassava starch in CBC2 was higher (14%) which must have accounted for the better peak viscosity content of sample CBC1. Peak viscosity has been shown to be correlated to final product quality and an indication of viscous loads likely to be encountered during mixing (Kiin-Kobani, 2015). The results showed that although addition of starch, which acts as a binder, could enhance peak viscosity of wheat-free composite flour; wheat flour had better effect on peak viscosity. The same trend observed in peak viscosity was repeated in breakdown and final viscosities. Breakdown viscosity is a measure of degree of starch disintegration or the hot paste stability of the starch (Bakare et al., 2015) . Lower breakdown viscosity indicated higher paste stability (Bakare et al., 2015) . Cocoyam-based flour (CBC1) had lowest breakdown viscosity which could be as a result of the higher content of bambara groundnut (a legume) present. On the other hand, wheat-based flour had higher final viscosity meaning it will form firmer gel after cooking and cooling. Setback viscosity and peak time displayed trends similar to those of peak viscosity, breakdown and final viscosity for the wheat-based composite flours. Cocoyam-based composite flour with lower starch content (CBC1) had higher setback and peak time than sample CBC2. It had been established that the the higher the setback value, the lower the retrogradation during cooling of the products made from the flour (Ikegwu, et al., 2010) . The pasting temperature was higher in wheat-based samples (CBW1 and CBW2) than in the cocoyam-based composte flours (CBC1 and CBC2). Pasting temperature is a measure of the minimum temperature required to cook the composite beyond its gelatinization point. High pasting temperature is a reflection of high water-binding capacity, high gelatinization tendency, and low swelling property of starch-based flour (Adebowale et al., 2008) .
Farinogragh property for the selected optimised flour blends
The result of the farinograph of the wheat-based and cocoyam-based flour samples are shown in Figure 4a and 4b respectively. The wheat-based sample had better dough development time (shorter time to get to the 500-BU line), dough stability and mixing tolerance index. DDT is an indication of the rate of flour hydration Dough stability indicates the strength of the dough; the higher dough stability the stronger the dough. Most commercial bread flours have bene reported to have 10 min stability value. The mixing tolerance index (MTI), which is a measure of weakening area, is the difference in between the top of the curve and the top of the curve measured 5 min after the peak is reached (Mohamed et al., 2006) . The greater the MTI value, the greater is the weakening area. The result indicted that cocoyam-based flour had greater weakening areas than wheat-based sample. Mixing tolerance index had been shown to influence baking quality.
CONCLUSIONS
A gluten-free cocoyam-based composite flour with rich in nutritional (protein, fibre and minerals) quality were produced. Samples CBC1 (70% cocoyam, 18.333% bambara groundnut and 11.667% cassava starch flours) and CBC2 (69.167% cocoyam, 16.667% bambara groundnut and 14.167% cassava starch) had the overall best protein, crude fibre, ash, moisture and minerals contents in addition to having the best functional characteristics. The incorporation of starch into the composite flour enhanced the functional, pasting and farinographic characteristics of the composite flour. The pasting characteristics of the cocoyam-based flour was similar to that of 70% wheatbased composite flour. The cocoyam-based composite at 69% and above could actually replace composite flour with 70% wheat-based composite flour in the production of baked products requiring good functional and pasting characteristics. The farinographic evaluation indicated that the cocoyam-based composite flour could replace soft wheat flour (100%) used in the production of biscuits and cookies as .
